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============

In September of 1977, Gruentzig performed the first coronary angioplasty as a nonsurgical method for coronary artery revascularization on a 40-year-old patient in Zurich, Switzerland \[[@R01]\].

The angioplasty in fact induces a "controlled injury" to the coronary vessel and has two major limitations - acute vessel closure (6%-8%) and restenosis (30%-50%).

The pathophysiology of acute vessel closure after angioplasty involves denudation of the endothelium of the coronary artery followed by rapid accumulation of fibrin and platelets, disruption of the atheromatous plaque with intimal dissection and medial tearing, and elastic recoil. Restenosis involves smooth muscle proliferation and neointimal hyperplasia \[[@R02],[@R03]\].

In an attempt to overcome these problems, bare metal stents (BMS) were introduced into clinical practice in 1986. BMS are metallic scaffolds deployed within a diseased coronary artery segment to optimize the lumen integrity by tacking dissection flaps against the vessel wall and providing mechanical lumen patency. Two large clinical trials, the Belgium Netherlands Stent Arterial Revascularization Therapies Study (BENESTENT) and the North American Stent Restenosis Study (STRESS) \[[@R03],[@R04]\], showed BMS significantly decrease the incidence of target-lesion revascularization from 25%-35% with percutaneous coronary angioplasty (PTCA) to 10%-15% with stenting. The success in treatment of acute vessel closure came with a price - increased rates of acute (24h) and subacute (24h to 30 days) stent thrombosis, which was addressed with aggressive anticoagulation attempts.

The BENESTENT and the STRESS study reported subacute stent thrombosis of 3.5% and 3.4% respectively despite the complex anticoagulation regimens used (dextran, aspirin, dipyridamole, heparin, and warfarin) \[[@R03],[@R04]\].

The introduction of intravascular ultrasound, high pressure balloons during stent deployment, and the establishment of dual antiplatelet therapy (DAPT) after stent placement contributed to the decrease of BMS thrombosis (currently 1.2%) \[[@R05],[@R06]\].

The usefulness of a dual antiplatelet therapy was demonstrated by the PCI-CURE study in which 2658 patients with acute coronary syndrome (ACS) underwent percutaneous coronary intervention (PCI). Patients were randomly assigned to one-year treatment with clopidogrel and aspirin (ASA) or placebo and ASA. In this study, an overall 31% reduction (p = 0.002) of cardiovascular mortality or myocardial infarction (MI) rate was observed in the clopidogrel group \[[@R07]\].

The difference between both groups appears during the first 3 months, and stays constant or slightly increases up to 12 months. The results of the PCI-CURE study provided the basis for recommending the institution of DAPT of clopidogrel and ASA for patients presenting with ACS, including the patients treated with stents.

The purpose of this review is to provide an overview of the changing culture of coronary artery stenting, in addition to discussing perioperative management strategies and controversies surrounding coronary stents and antiplatelet therapy. A comprehensive literature search of MEDLINE was conducted using as keywords: antiplatelet therapy, non-coronary surgery, drug-eluting stents, and stent thrombosis. Over 250 relevant articles were found, 88 of which we have cited and discussed in this article based on their specific relevance to perioperative management, perioperative bleeding, and perioperative thrombosis in patients with drug eluting stents (DES) on DAPT presenting for invasive procedures, mechanisms of stent thrombosis.

***Antiplatelet agents***

Currently, there are three categories of antiplatelet agents in use: acetylsalicylic acid (ASA), platelet P2Y12 receptor inhibitors (clopidogrel, prasugrel, ticagrelor), and platelet GPIIb-IIIa inhibitors (eptifibatide, tirofiban, abciximab). 

ASA is recommended for primary prevention only for diabetic patients with risk of cardiovascular disease \[[@R08]\]. When used for secondary prevention, ASA decreases the MI rate by 30% \[[@R09]\].

After a coronary event, ASA is a lifelong therapy \[[@R10]\]. In their meta-analyses of 50,279 patients for secondary prevention for coronary artery disease, Biondi-Zoccai et al. \[[@R11]\] showed that the cardiac complication rate was three times higher after ASA withdrawal and increased even more in patients with coronary stents \[[@R08],[@R12]\].

There was, on average, a 10.6-day period between withdrawal from ASA and thrombotic events (8.5 days for coronary symptoms).*P2Y12 inhibitors*include the thienopyridines, clopidogrel and prasugrel, and the cyclopentyl triazolopyrimidine ticagrelor. Clopidogrel, a pro-drug, is metabolized to active metabolite in the liver in a two-step process by CYP3A4/3A5 and CYP2B6/1A2/2C9/2C19 esterases. Clopidogrel decreases the risk of MI in unstable angina by 18% and the risk of coronary stent thrombosis by 30% \[[@R07]\]. Addition of clopidogrel to ASA decreases the relative risk in the combined end point of cardiovascular death, MI, or stroke by 20% \[[@R13]\].

Prasugrel, also a pro-drug, converts to active metabolite more rapidly, in only one step (CYP3A4 dependent). The metabolite achieves 2.2 times higher level than that of clopidogrel. In phase III clinical trials (TRILOGY-ACS), prasugrel, when compared to clopidogrel, produced a statistically significant reduction of 19% in the primary endpoint of cardiovascular death, nonfatal MI, or nonfatal stroke in the UA/NSTEMI population (p=0.0004) \[[@R14]\]. A 34% decline was observed in urgent target vessel revascularization (p\<0.001) and a 42% reduction in heart attack with subsequent death from cardiovascular causes (p=0.02). Ticagrelor is the first approved reversible P2Y12 receptor antagonist. Approval was based on the results of the PLATO (Platelet Inhibition and Patient Outcomes) trial, a large (18,624 patients in 43 countries) head-to-head patient outcomes study of ticagrelor versus clopidogrel, both given in combination with ASA and other standard therapy. PLATO showed treatment with ticagrelor for 12 months was associated with a 21% RRR (Relative Risk Reduction) in death (4% vs. 5.1%; 1.1% ARR; p=0.001) and a 16% RRR in MI compared to clopidogrel (5.8% vs. 6.9%; 1.1% ARR (Absolute Risk Reduction); p\<0.005) \[[@R15]\].

Approval of ticagrelor in the U.S. was delayed due to lack of efficacy in the pre-specified subgroup of patients from North America. Two additional analyses were performed by the Duke Clinical Research Institute and AstraZeneca. Though analyses were not able to rule out the possibility of chance as an explanation for the north American subgroup, it was shown that high dose ASA ≥300 mg/day was used far more often in the U.S. than in the rest of the world (53.6% vs. 1.7%). Furthermore, the lowest risk of cardiovascular death, MI, or stroke with ticagrelor compared with clopidogrel is associated with a low maintenance dose of concomitant ASA \[[@R15]\]. As a result, the approval came with a black box warning stating that daily ASA doses above 100 mg decrease effectiveness of the medication. It is also contraindicated in patients with a history of hemorrhagic stroke because of increased risk of bleeding.

Ticagrelor does not require metabolic activation for its clinical effects, has only one active metabolite. The Food and Drug Administration (FDA) recommends stopping ticagrelor 5 days prior to surgical procedures. Even though it reversibly binds to platelet P2Y12 receptors, there is currently no known reversible agent for ticagrelor and it is not expected to be dialyzable. Dyspnea, requiring discontinuation of the treatment, was observed in 14% of the ticagrelor-treated patients compared with 8% in the clopidogrel group \[[@R15]\].

In their new guidelines, The American College of Chest Physicians suggests Ticagrelor 90mg twice daily plus low dose ASA *over* clopidogrel 75mg plus low dose ASA for patients in the first year after an ACS who have undergone PCI with stent placement \[[@R16]\]. This is the first time that clinical treatment guidelines have specifically suggested the use of ticagrelor over clopidogrel.

*Platelet GP IIb/IIIa inhibitors*, including tirofiban, hydrochloride, and eptifibatide, block the cross-linking of platelets to fibrinogen, thus inhibiting formation of bridges between the activated platelets and thrombus formation. They are used for the prevention of immediate thrombosis of coronary stents in the first 24-48 hours after PCI \[[@R17]\].

***Transition from BMS to DES***

Restenosis continues to be the "weak point" of the BMS, occurring at a rate of 20%-25% within 6 months of implantation and peaking at 3 months after the stent implantation \[[@R18]\]. It results in ACS in about 35% of the patients \[[@R19]\] and repeat revascularization of the restenotic lesions in 60%-80% \[[@R20]\]. BMS restenose because the stent struts traumatize the vascular wall and provoke an inflammatory response. This response is followed by an exaggerated proliferation within the media and adventitia, which produces significant neointimal proliferation and occlusion of the stent \[[@R19]\]. In patients with co-morbidities and complex coronary lesions, the response is much more frequent \[[@R21]\]. Techniques to treat stent restenosis include PTCA, atherectomy, repeat stenting, and brachytherapy (intra-coronary delivery of a radioactive isotope) \[[@R22]\]. Failure using these techniques was almost 30%, with recurrent restenosis after in-stent PTCA up to 85% and thrombotic occlusion after brachytherapy up to 15.6% \[[@R23],[@R24],[@R25]\].

Successful prevention of in-stent restenosis was achieved with the development of DES. Coating the BMS with a polymer (containing slowly released antiproliferative material that suppresses the neointimal hyperplasia) decreased the in-stent restenosis from 20% to 4%-6% and significantly decreased of the rate of re-intervention \[[@R26],[@R27]\].

The first generation DES uses sirolimus and paclitaxel as antiproliferative agents to suppress the vascular smooth muscle cell migration and proliferation. Differences between the two agents are presented in *Table 1*.
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Sirolimus is completely released from the polymer within 4 to 6 weeks, while only 10% of the paclitaxel is released within 90 days (the other 90% remains sequestered indefinitely).

DES were approved by the FDA in April of 2003 (sirolimus-eluting DES) and March of 2004 (paclitaxel DES). The FDA approval was based on the results of randomized trials that involved selected patient populations \[[@R28],[@R29],[@R30],[@R31],[@R32],[@R33],[@R34],[@R35]\]. The indications included patients with symptomatic ischemic disease due to *de novo* lesions of *length \<30 mm* (sirolimus eluting stents) and *\<28 mm* (paclitaxel eluting stents) in *native* coronary arteries with reference vessel diameter of *\>2.5 mm to \<3.5 mm*(*\<3.7 mm* for paclitaxel stents). Clinical trials investigating the restenosis of stents found a 74% reduction of restenosis at 4 years of implantation \[[@R36]\].

As a result, the use of DES significantly increased (up to 85% of all stents placed) in the U.S. and Europe in 2005 \[[@R37]\]. In 60% of the cases, the DES were used "off label" in high-risk populations (diabetics, patients with ACS, low ejection fraction, or renal failure), high-risk lesions (bifurcating lesions, long ones, small vessel lesions, in stent lesions, multiple lesions, left main disease, saphenous vein graft lesions), or other conditions that were excluded from the initial trials \[[@R38]\].

***Stent thrombosis and DES***

In 2003, 290 cases of subacute stent thrombosis occurring after sirolimus DES implantation were reported to the FDA along with a 20% mortality rate \[[@R39]\].

The goal of the Basel Stent Kosten Effektivitäts Trial-Late Thrombotic Events (BASKET-LATE) study was to determine the true incidence of late stent thrombosis, MI, and death in 746 patients randomized to receive DES or BMS. Patients on DAPT for 6 months without any adverse cardiac events had clopidogrel stopped and were followed for an additional 12 months. Results showed the following:

late stent thrombosis-related events (death and MI) occurred two to three times more frequently in patients with DES than those with BMS;late stent thrombosis carried a four times higher risk of cardiac death/MI (p\< 0.00010);late stent thrombosis and its complications occurred up to 1 year after clopidogrel discontinuation \[[@R18]\].

Authors concluded that while DES use in 100 patients avoids five target lesion revascularization events at 6 months, it unfortunately leads to 3.3 late (within 18 months) deaths or MI. At the 55^th^World Congress of Cardiology, two meta-analyses were presented, showing a significant increase in the rate of total mortality and Q wave MI in DES compared to BMS at after 12 months and up to 3 years \[[@R40],[@R41]\].

Experimental models of DES demonstrate incomplete healing, fibrin deposition, and inflammatory cells, indicating a hypersensitivity reaction \[[@R02],[@R42]\] while BMS demonstrate complete endothelialization at 28 days. Sirolimus and paclitaxel have shown to impair endothelial function both within the stent and in the distal coronary artery, leading to delayed arterial healing of the stent itself, as well as enhancing the risk for distal arterial ischemia and coronary occlusion \[[@R43]\]. In addition, they enhance expression of the endothelial tissue factor, which creates a prothrombotic state.

Despite equal stenosis severity and follow-up duration, patients with DES, compared to BMS, more frequently have collaterals insufficient to prevent ischemia during occlusion. The most powerful histological predictor of stent thrombosis has been incomplete endothelial coverage of the stent \[[@R44]\].

Several studies and registries have identified clinical predictors for delayed endothelial coverage and thrombosis of DES. ACS, left ventricular ejection fraction \<30%, treatment of bifurcating lesions, renal insufficiency, and diabetes have shown to be strong predictors of stent thrombosis \[[@R41],[@R45],[@R46],[@R47],[@R48],[@R49],[@R50]\]. The strongest independent clinical predictor is the premature discontinuation of the clopidogrel therapy \[[@R48],[@R49],[@R50]\].

The concerns about late stent thrombosis resulted in an emergency FDA advisory panel meeting in December 2006, which reassured that DES in the studied "on-label" settings appear safe and efficacious, but warned that data regarding safety and efficacy in "off-label" situations is not available and will likely not match results seen in the lower-risk "on-label" settings \[[@R10]\]. Not surprisingly, use of DES dropped precipitously to approximately 60% within months.

Multiple registry studies have since shown that "off-label" DES use is indeed associated with a roughly two- to threefold increase in clinical adverse events, including stent thrombosis, compared with "on-label" use \[[@R51],[@R52],[@R53]\]. Despite these findings, it is clear that DES remain superior to BMS even in high-risk "off-label" situations.

Recently, a comprehensive meta-analysis of almost 10,000 randomized controlled trial patients and over 180,000 observational study patients confirmed the overall benefit of DES over BMS in both "on-label" and "off-label" populations. Evidence showed trends to reduced (randomized trials) or significantly reduced (observational studies) death and MI, and dramatic significant reductions in target vessel revascularization (regardless of study type) \[[@R54]\].

***Antiplatelet therapy and des***

Controversy surrounding the DES late thrombosis issue creates a controversy about the *length of antiplatelet therapy* in patients with DES. The initial recommendations made by the FDA/American college of cardiology (ACC)/American heart association (AHA)/Society for Cardiovascular Angiography Interventions (SCAI) and the stent manufacturers were completely arbitrary. They advised patients to remain on DAPT for a minimum of 3 months after the implantation of sirolimus DES and 6 months after paclitaxel DES followed by life-long ASA therapy. In 2005, a focused update of the ACC/AHA/SCAI PCI guidelines recommended that all patients who receive a DES should be given clopidogrel for at least 12 months in the absence of an increased risk of bleeding.

With the growing number of publications concerning the safety of DES, the FDA published a scientific advisory in January of 2007, endorsed by 5 major professional societies: AHA/ACC/SCAI, the American College of Surgeons (ACS), and the American Dental Association (ADA). Once again, the importance of 12 months DAPT after placement of DES and life-long ASA therapy was emphasized. Once further, in the 2011 ACCF/AHA/SCAI guidelines for PCI, the role of DAPT for prevention of thrombosis in patients with stents was strongly re-enforced with class IB recommendation for treatment with P2Y12 inhibitor for at least 12 months after PCI with DES in addition to indefinite therapy with ASA and class II B recommendation for consideration of DAPT beyond 12 months \[[@R55]\].

The ideal duration of antiplatelet therapy is still unknown \[[@R54],[@R56]\]. DAPT trial, which is currently ongoing, compares 12 versus 30 months of DAPT among 15 000 patients treated with DES. This trial is powered to assess the primary efficacy endpoints of differences in stent-thrombosis rates and major adverse cardiovascular/cerebrovascular events (MACCE), with a primary safety endpoint of major bleeding.

Currently, around 60% of patients undergoing PCI receive DES and are placed on DAPT for at least one year. It is suggested that 5% of these patients will require non-cardiac surgery during this time \[[@R57]\], posing a unique challenge during the perioperative period.

***DES management - Non-cardiac surgery***

The decision to stop antiplatelet medications before invasive procedures in order to decrease the risk of bleeding may expose patients with DES to increased risk for stent thrombosis, MI, and cardiac death. Conversely, continuing antiplatelet therapy in order to prevent stent thrombosis may expose patients to increased risk of bleeding and need for transfusions during invasive procedures.

Current literature on the use of antiplatelet agents in surgery reports the average surgical blood loss increase by ASA is approximately 2.5% - 20%.

In non-cardiac surgery, a meta analysis of 474 studies on the impact of low dose ASA on surgical blood loss showed that ASA alone increases the average intraoperative hemorrhagic risk by a factor of 1.5, but does not increase mortality and morbidity \[[@R58]\]. Possible exceptions may be intracranial neurosurgery and transurethral prostatectomy where ASA has been a contributing factor to fatal outcomes \[[@R12],[@R59]\].

The major side effect of clopidogrel is increased risk of spontaneous hemorrhage by 38% (incidence 1%-2%) \[[@R07]\]. In non-cardiac surgery increased bleeding has been described in transbronchial biopsy and pacemaker and defibrillator implantation \[[@R60],[@R61]\]. Prasugrel is a 10 times more potent platelet inhibitor than clopidogrel; however, it is associated with a statistically significant increase in non-CABG (coronary artery bypass grafting) major bleeding (2.4% vs. 1.8%, p=0.03) and fatal bleeding (0.4% vs. 0.1%, p=0.002) compared to clopidogrel.

Although ticagrelor is a reversible P2Y12 inhibitor, the PLATO trial showed higher incidence of non-CABG related bleeding (RR 1.18) and significantly increased incidence of fatal intracranial bleeding (RR 10.95) \[[@R15]\]. With DAPT, the bleeding time increases three- to fourfold \[[@R62]\] over ASA alone, and surgical blood loss increases by an average of 30% to 50% \[[@R63]\]. Significant bleeding in patients on DAPT undergoing different non-cardiac surgical procedures has been described \[[@R64],[@R65],[@R66]\]. However, other case reports and series have not found such association \[[@R57],[@R67],[@R68],[@R69]\].

Some surgical procedures are associated with significant mortality and morbidity if bleeding is encountered, such as intracranial or spine surgery, where even a small amount of bleeding can cause brain or cord compression and irreversible brain or cord damage. Chassot et al. noted increased mortality and morbidity after intracranial surgery in patients on clopidogrel therapy. The surgical bleeding and transfusion rates in the rest of the surgical procedures, although increased by 50%, were not associated with an increase in mortality and morbidity \[[@R63]\].

***Risk of perioperative thrombosis***

The incidence of major coronary adverse events after PCI is estimated around 4% to 5%, and 20% to 45% of these events can result in death \[[@R56],[@R70]\]. Patients are most vulnerable immediately after a PCI because the stenotic lesion is transformed into an unstable area due to the rupture of its endothelial covering. When undergoing surgery during this early period, the rate of mortality (30%) and morbidity (20-40%) is 5 to 10 times higher than matched patients undergoing the same operation under maximal medical therapy or after appropriate delay \[[@R68],[@R71]\].

Premature discontinuation of antiplatelet therapy has been found to be the strongest predictor of stent thrombosis, carrying significant risk of mortality and morbidity even when the discontinuation is not associated with surgery \[[@R38],[@R48],[@R72]\]. As long as DES have not endothelialized, the patient is absolutely dependent on the antiplatelet medications for stent thrombosis prevention. Surgery itself produces a prothrombotic and proinflammatory state that increases the risk of stent thrombosis.

The stress response to surgery includes sympathetic activation and cytokine release that promotes shear stress on arterial plaques, enhanced vascular reactivity conductive of vasospasm, increased platelet activation, and increased hypercoagulability \[[@R73],[@R74]\].

***Perioperative management***

Currently, there is no definite standard of care for the perioperative management of patients with coronary stents, though deep understanding of the mechanisms of DES and the indications for antiplatelet therapy could ensure patient safety and optimize outcome.

A survey conducted on 374 interventional cardiologists found that although there is agreement among interventional cardiologists on the optimum delay for surgery after stenting, on the need for BMS or balloon angioplasty alone if early noncardiac surgery is needed, and on treatment of perioperative thrombosis, there is significant inconsistency on the optimum antiplatelet therapy for patients who need surgery early after stent implantation \[[@R75]\]. If the physicians most intimately involved with the management of patients with DES do not agree on how to manage antiplatelet therapy perioperatively, we may speculate the chance of having consensus among anesthesiologists, surgeons, internists, and other interventional physicians on this topic is minimal. It is likely that the full implications of stopping antiplatelet therapy are not fully appreciated, and a reasonable fear of bleeding predominates \[[@R76]\].

Different algorithms for perioperative antiplatelet therapy management in patients with stents have been suggested \[[@R75],[@R77],[@R78],[@R79],[@R80],[@R81]\], but there are no prospective studies evaluating those algorithms. *Table 2*summarizes recent recommendations on the decision to proceed with antiplatelet therapy and/or surgical intervention, taking into account bleeding risk. Until such studies are conducted and evidence-based guidelines are established, every institution should have well-publicized policies and guidelines to manage these patients. Patients with stents, especially DES, should be identified early in the preoperative work-up. Each case should be managed on an individual basis and the risk and consequences of stent thrombosis should be weighed against those of perioperative bleeding.
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According to the 2011 ACCF/AHA/SCAI Guidelines, even *before considering stent implantation*, patients should be evaluated for possibility of surgery in the following 12 months and should not be treated with DES if such possibility exists \[[@R55]\]. Percutaneous angioplasty or BMS, requiring a minimum of 4 to 6 weeks of antiplatelet therapy, or medical management only if the surgery cannot be delayed, should be considered instead. Routine prophylactic coronary revascularization should not be performed in patients with stable coronary artery disease before non-cardiac surgery because of possible significant harm to the patient \[[@R55],[@R56]\].

Once patients present for surgery with a stent in place, consideration should be given to the electiveness of the surgical procedure. *Figure 1* summarizes a chain of interventions based on three different surgical scenarios.

![Perioperative management flow chart.](hsrp-04-153-g003){#F003}

*Elective surgery* should not be performedwithin 4 to 6 weeks of stent placement or within 12 months of DES placement in patients who's antiplatelet therapy will need to be discontinued perioperatively \[[@R55],[@R56]\]. Brancati et al. assessed the perioperative outcome of patients undergoing non-cardiac surgery after coronary stent implantation in a single center registry. After multivariable analysis, the predictor of primary endpoint, defined as perioperative occurrence of major adverse events, was the time interval between stenting and surgery with a statistically significant increase in the number of events when surgery was performed within 6 weeks of BMS placement \[[@R82]\]. There was no difference in the major bleeding between the groups with different antiplatelet regimens. Once again, these results supported the AHA/ACC recommendations on timing of non-cardiac surgery after stent implantation.

If a patient with DES presents for an *elective procedure more than one year after the stent placement and still on DAPT*, the management of the antiplatelet medications will depend on the bleeding risk of the specific surgical procedure and on the complexities of the DES (thrombotic risk). Chassot et al. grouped the surgical procedures into three groups according to their bleeding risk \[[@R63]\]:

*Low bleeding risk* surgical procedures that usually do not require blood transfusion, such as peripheral, plastic, and minor general surgery; biopsies; minor orthopedic procedures; minor ENT (ear-nose-throat) procedures; endoscopies; anterior chamber of the eye surgeries; or dental extractions and dental surgery.*Intermediate bleeding risk* surgical procedures that frequently require blood transfusions. Examples can be visceral surgery; cardiovascular surgery; major orthopedic, ENT, and reconstructive surgery; or endoscopic urology.*High bleeding risk*possible bleeding in a closed space such as intracranial neurosurgical procedures; spinal canal surgery; or posterior chamber of the eye surgery.

There is a growing agreement that DAPT needs to be continued indefinitely in patients with complex stent placing procedures, such as stenting of bifurcating lesions, left main stents, overlapping stents, stents within stents, small vessel stents, multiple stents, saphenous vein graft stents, chronically occluded stents, or in patients with co-morbidities, such as diabetes, low ejection fraction, end stage renal disease, malignancies, advanced age, or with resistance to antiplatelet medications and a history of stent occlusion/thrombosis \[[@R56]\].

For surgical procedures with *low risk for bleeding*, DAPT should be continued throughout. *Intermediate-bleeding-risk*surgical procedures should be approached on a case-by-case basis.

In patients with complex stent procedures and co-morbidities, the DAPT should be continued despite the risk for increased bleeding. In all other patients, clopidogrel and ticagrelor can be stopped 5 days before surgery and prasugrel 7 days before surgery, while ASA should be continued. DAPT should be restarted as soon as possible postoperatively (ideally within 24 hours) with a loading dose of 300 mg - 600 mg clopidogrel, or prasugrel 60 mg, or ticagrelor 180 mg \[[@R57],[@R83]\]. *High-bleeding-risk*surgical procedures present a challenge. Patients with 12 months completed of DAPT and low risk for thrombosis of the coronary artery stents can stop clopidogrel and ticagrelor 5 days prior to surgery and prasugrel 7 days before surgery while continuing ASA. ASA discontinuation even more than one year after DES placement may lead to stent thrombosis \[[@R83],[@R84]\].

For patients with coronary stents with high risk for thrombosis presenting for high-risk bleeding surgical procedures, "bridge" therapy has been suggested. Use of short-acting GP IIb/IIIa inhibitors, such as tirofiban or eptifibatide, has been proposed as a bridge between the time of the thienopyridine discontinuation and surgery. Either medication is given as infusion and requires patient admission to the hospital 3 days after the discontinuation of thienopyridines. Infusion is stopped 4 to 6 hours prior to surgical procedure and restarted as soon as possible after the surgery upon agreement between cardiology and surgery \[[@R85],[@R86]\]. Usually, heparin infusion commences, though there is no evidence supporting that heparin offers efficient protection in high-risk coronary situations \[[@R85]\]. Nonsteroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen, inhibit COX-1, as ASA does. Since action is reversible and platelet function is completely recovered within 24 hours of their discontinuation, NSAIDs are suggested as an alternative to ASA \[[@R63]\].

However, all of these "bridging techniques" are controversial, with little data published to support use, and are associated with an increased cost.

Cangrelor, an investigational parenteral, reversible, direct P2Y12 platelet inhibitor with its extremely short (5 to 9 minutes) half-life, may present an alternative for "bridge" therapy in the near future. In the recently published results from the BRIDGE (Maintenance of platelet inhibition with Cangrelor) trial, cangrelor was effective at maintaining platelet inhibition in patients on thienopyridines who required bypass surgery \[[@R87]\]. This prospective, randomized, double-blind, placebo-controlled, multicenter trial evaluated 210 patients on thienopyridine therapy awaiting CABG. The thienopyridine was stopped and patients were randomized to treatment with cangrelor or placebo for at least 48 hours which then was stopped 1 to 6 hours prior to surgery.

The cangrelor group had low levels of platelet reactivity throughout the treatment period compared to patients on placebo. Excessive CABG related bleeding occurred in 11.8% of patients on cangrelor vs 10.4% in patients on placebo. There was no difference in major bleeding prior to CABG, although minor bleeding was slightly higher in the cangrelor group \[[@R87]\].

In surgical procedures where even a small postoperative hemorrhage can have disastrous consequences, such as intracranial surgery, spinal surgery in the medullary canal, and surgery of the posterior chamber of the eye, both P2Y12 inhibitors and ASA may need to be discontinued 7 days prior to surgery. In such cases "bridge" therapy may be considered.

Management of patients with stents in need of *urgent surgical procedures*depends on the time interval between DES placement and the surgical procedure. If the time is less than one year (or less than one month for BMS), then the DAPT has to be continued throughout, except for surgeries in enclosed spaces. Less invasive surgical techniques and alternative treatments should be considered in such patients. If patients present for an urgent surgical procedure more than 12 months after the DES placement, the same paths as elective surgical procedures should be followed. ASA should be continued throughout in most cases.

***Future developments of DES management***

Current efforts are directed towards creating reversible short-acting platelet inhibitors that can be used in the perioperative period, creating DES with more predictable endothelialization, and developing point-of-care tests of platelet function that can help the perioperative management of patients on antiplatelet therapy.

Even though both the CHAMPION PLATFORM study and the CHAMPION PCI trial, which compared clopidogrel and cangrelor, were terminated early for the lack of efficacy end points, cangrelor may prove valuable in the perioperative period as a bridge therapy as shown by the results of the BRIDGE trial \[[@R87]\]. Although this path still involves hospital admission ahead of planned surgery and requires IV infusion which will be associated with increased cost, cangrelor may provide better platelet inhibition than that of the currently proposed combination of GPIIb/IIIa inhibitors and heparin.

A new generation DES was introduced in 2008: Zotarolimus DES system, which uses phosphorylchlorine-base, biocompatible polymer and the Everolimus DES, approved in July 2008. Recently, the results of the ISAR-TEST trial were published showing that a polymer-free dual-drug sirolimus- and probucol-eluting stents are non-inferior to the second generation Zotarolimus-eluting stent \[[@R88]\]. New platforms (cobalt-chromium and platinum-chromium), new delivery systems, new polymers allowing better biocompatibility and/or flexibility and will attempt to decrease the rate of late stent thrombosis and expand stent indications.

In February 2012, the FDA approved the first DES for use in patients with diabetes based on the results of the RESOLUTE trial - The Resolute Integrity Zotarolimus stent. Several days later, based on the results of the HORIZONS - AMI trial, the FDA approved the first DES for treatment of acute myocardial infarction - the ION paclitaxel eluting stent. Alternatively to the traditional BMS and DES, a simple chemical coating may be effective in preventing thrombotic events, shortening the duration of required antiplatelet therapy, and allowing for safe perioperative discontinuation of antiplatelet agents.

Coatings such as titanium-nitride-oxide, dimethyl sulfoxide, CD34 antibodies and stents containing an integrilin-binding cyclic Arg-Gly-Asp peptide are being explored. In recent years, there has also been a significant effort in developing point-of-care tests for assessment of the effects of the antiplatelet drugs for guidance of the perioperative management of patients on antiplatelet therapy. The gold standard is still light transmittance aggregometry, but the test requires significant sample preparation, special equipment, and trained personnel and is difficult to use in everyday practice.

Plateletworks, VerifyNow, and thromboelastography platelet mapping are some current available tests that are not as reliable as the light transmittance aggregometry and still require special equipment and trained personnel.

**Recommendations**

Understanding the risks of stopping antiplatelet therapy by the healthcare professionals is of paramount importance.

Use of a multidisciplinary team approach, including the interventional cardiologist, anesthesiologist, and surgeon, to guide perioperative management is imperative.

Invasive procedures on patients with DES, at high risk for stent thrombosis, and DAPT discontinued should be performed in centers with around-the-clock invasive cardiology services as the primary option.

However, smaller institutions may not have such coverage, and should not be fully excluded from performing invasive procedures due to the overall high volume of stent implantation.

Outpatient surgery on such patients should not be performed, and ideally, patients should be kept in the hospital for at least 48 hours for cardiac monitoring or until antiplatelet medications are restarted.
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